Smart grid systems are considered as key enablers in the transition to more sustainable energy systems. However, debates reflect concerns that they affect social and moral values such as privacy and justice. The energy justice framework has been proposed as a lens to evaluate social and moral aspects of changes in energy systems. This paper seeks to investigate this proposition for smart grid systems by exploring the public debates in the Netherlands and the United Kingdom. Findings show that smart grids have the potential to effectively address justice issues, for example by facilitating small-scale electricity generation and transparent and reliable billing. It is a matter of debate, however, whether current smart grid designs contribute to cost and energy savings, advance a more equitable and democratic energy system, or reinforce distributive and procedural injustices. The increased use of information and communication technology raises value conflicts on privacy and cyber security, which are related to energy justice. This research contributes by conceptualizing energy justice in the context of smart grids for the first time. The energy justice framework is broadened by including values and value conflicts that pertain directly to the increased use of information and communication technology. For policy makers and designers of smart grids, the paper provides guidance for considering interconnected social and moral values in the design of policies and smart grid technologies.
systems.
Despite their prominent role in the energy transition, the development of smart grids has spurred critical public debates. For example, perceptions that energy companies are not open about benefits or do not pass on financial savings to their customers indicate trust and justice issues [8] [9] [10] . Further concerns stem from the automatic, more frequent and more fine-grained transfer and storage of information on consumers' energy use to central databases. This raises fears that consumers' privacy might be violated and that these data could be threatened in cyberattacks [11, 12] . Such concerns can form barriers for the acceptance and adoption of smart grids and have already proven challenging in smart grid pilot projects [13] . Importantly, however, these societal concerns do not represent mere opposition against smart energy systems. They contain legitimate arguments that the systems touch upon core values such as privacy, security, or justice.
The exemplified societal concerns show that smart grids are not only a matter of the energy policy triad, but that a broader evaluation of the social and moral values affected by smart grids is needed, including how these values may be in conflict. We define values here as "general convictions and beliefs that people should hold paramount if society is to be good" [14,p. 1343] . For socio-technical systems such as smart grids, social and moral values provide criteria for design that go beyond the core technological functionalities of a system. They are normative principles that guide the design of technological systems [15] . 1 The concept of 'energy justice' has been proposed as one of the most comprehensive approaches that considers social and moral aspects of energy systems beyond the energy policy triad [16, 17] . In the words of Sovacool & Dworkin [18 p . 441], assessing energy justice means "asking what this energy is for, what values and moral frameworks ought to guide us, and who benefits". Up to now, energy justice research has focused on the supply and use of energy as well as the energy system as a whole [19] , and has -to the best of our knowledge -not examined smart grids. These systems, however, entail a convergence between the energy and the information and communication technologies (ICT) sector, and hence the range of ethical challenges goes beyond those related to energy supply and use. They include aspects pertaining to digitally connected systems, automation, and the increased recording and sharing of real-time data.
In this paper, we investigate the proposition that energy justice can serve as an approach to address social and moral aspects beyond the energy policy triad for the case of smart grids. To do so, we pursue two related aims. Firstly, we take a broad starting point to gain a deeper understanding of the moral and social values that underlie arguments used in public debates on smart grids in general. By relying on empirical material, we provided a descriptive account of how values are framed in the public debate. Secondly, we aim to set these values in context with energy justice. Thereby, we broaden evaluations of justice issues pertaining to energy supply and use by analyzing justice aspects in systems that operate at the intersection of the energy and ICT sectors. For policy makers and designers of smart grids, our research provides a basis for understanding values as design requirements and thus allows accounting for a range of interconnected social and moral dimensions within system design and decision-making processes. Our descriptive/ empirical account can be a basis for a future normative account to answer the questions how injustices should be solved, or who should be involved to what extent and how in decision-making processes.
We take the public debates in the Netherlands and the United Kingdom as cases. Both countries have a density of smart grid pilot projects which is above EU average [12, 20, 21] . In addition, the political process and implementation of smart metering systemssometimes called the backbone of smart grids -started relatively early, and with it a controversial public debate. While the Dutch and British debates may not be representative for other countries, underlying core values and conflicts can provide ample learning material beyond the two cases. To understand values in the public debate on smart grids, we conduct a qualitative content analysis of newspaper articles and analyzed extracted arguments with respect to underlying values, their interpretations in the smart grid context, and perspectives of stakeholder groups.
This paper is structured as follows. Section 2 provides a theoretical background on smart grids, the role of values in the design of sociotechnical systems, and energy justice. Section 3 describes the methodology and smart grid developments in the Netherlands and the United Kingdom. Section 4 presents and discusses the results of the qualitative content analysis.
Background

Smart grid systems
The concept "smart grid" is used as an umbrella term to capture the digitalization of power systems (focusing on the distribution networks) with the aim to facilitate the transition to more sustainable energy systems. Sub-systems include smart metering, which is generally considered as the cornerstone of smart grids, smart home energy management systems (HEMS), demand-side response (DSR), household storage, and the integration of electric vehicles (EVs) through vehicleto-grid and grid-to-vehicle solutions [22, 23] . Smart grids are emerging systems and currently mostly implemented in pilot projects. The technologies are thus constantly changing. However, the use of ICT to achieve a more sustainable energy system is the combining factor.
Despite a strong focus on technological development, the changes smart grids imply for the energy system are not purely technological. Smart grids are socio-technical systems and their performance depends on the interaction between technologies, institutions, and social actors [24, 25] . The technological advancements in communication technologies, through which distribution networks change from physical grids of copper to networks enforced by an advanced ICT infrastructure, also pose institutional questions on data property and market access rights [6] . Institutions are the legislation and regulations around smart grids; they form the (human-made) rules that govern their development and introduction [26] . Other differences between smart grids and 'conventional' networks include changes in roles and an increased diversity of actors. Probably the most prominent is the role change of the consumer, who can evolve from a largely passive energy consumer to an 'energy citizen', who becomes an active 'prosumer' and is an engaged actor in the energy transition [8] .
Considering values in the design of smart grid systems
This paper aims at understanding how moral and social values that underlie the public debate on smart grids can be conceptualized under the comprehensive framework of energy justice. Studying how values are affected by smart grids is important for several reasons. Firstly, given the socio-technical nature of smart grids and the fact that energy systems deeply affect every-day life and well-being in modern societies, a focus on techno-economic aspects is too narrow to understand the intertwined nature of technological, institutional, and social developments. Despite this, the majority of literature on energy systems and policy has focused on techno-economic aspects [27] . In an extensive review of energy research, for example, Sovacool [28] found a prevalence of economics, mathematics, physics, and engineering and an underrepresentation of the social sciences and humanities. Only 20% of the authors of 4444 analyzed academic research papers were affiliated to a social sciences discipline. 1 This conceptualization of 'values' from philosophy needs differentiation from how the concept is used in social psychology and sociology. In the latter disciplines, value orientations or values are individuals' personality characteristics [94] . 'Values' in philosophy and particularly ethics of technology are normative principles for system design [15] .
Secondly, the introduction of smart grids is part of an inherently normative energy transition, as these systems are often presented as necessary solutions towards a more sustainable energy future [1] . The strive for sustainability in the energy system, however, gives rise to conflicts. Although very few people would disagree with the ambition to achieve a more sustainable energy system, the detailed opinions on what to change, how, and how fast to change vary considerably with, for example, actor perspectives, geographical contexts and time scales [29] . It is thus vital to understand the normative reasons and conflicts behind the introduction of smart grids. Values allow this understanding, because they are normative guiding principles for changes in a society.
They relate to what people think is good, permissible, obligatory and what ought to be rather than perceptions of how things are [15, 30] .
Thirdly, smart grids are emergent technologies within an energy transition that is characterized by a high degree of uncertainty with respect to future technologies, regulations, and their consequences for system stakeholders. It is thus unlikely that stakeholders have fullyformed views about these changes [31] . In such a context, an approach that investigates the basic and relatively stable underlying principles for system design -i.e. the core values at stake for smart grids -is needed.
In the context of socio-technical systems such as smart grids, values provide criteria for system design, including technological design and decisions on regulation [15, 31] . When considering values in systems, designers often face instrumental and conflicting relationships between two or more values. The Association of German Engineers (VDI), which is one of the biggest associations to set standards for German engineers, defines these relationships in their standard on concepts and foundations for technology assessment [32] . Instrumental relationships occur when one value positively contributes to another. An instrumental value is embodied in a system for the sake of achieving another value [33] . Distinctions between means and ends can only be made in their respective position in means-end-relations. Identifying instrumental relationships between values is therefore a precondition for evaluating the underlying reasons why a technology embodies certain values and how it contributes to the final objective of technologies as seen by the VDI: to secure and further a good human life [32] .
The VDI refers to conflicting relationships between values if the objective to embody one value in a system is impaired by striving for another value [32] . Conflicts arise when choices have to be made between two design options that imply a trade-off between values, and when these values cannot be weighed against each other (e.g. a little more sustainability might not justify less privacy) [34] . Conflicts between two or more values occur when a specific attribute of a system positively contributes to one value but negatively impacts or harms another [35] . Identifying value conflicts is important for providing nuanced recommendations about the trade-offs design choices might imply and about the social cost or burden that might be connected to them.
Conflicts can arise within one value if it is interpreted differently by stakeholder groups [36] . This is rooted in the understanding that values have two levels of meaning: the concept (the value itself) and its conception (the value's interpretation or meaning). This distinction was coined by John Rawls [37] , referring to earlier work by Herbert Hart [38] . Contestation occurs when there is broad consensus on the importance of the concept, but there are differences in the interpretations of the concept. As mentioned, almost everybody would agree that the concept of sustainability is important for the energy system. However, conceptions might differ as to what sustainability exactly entails and whether certain attributes contribute to a more sustainable system. To fully reveal value conflicts, it is thus important to understand values at the level of conception [36] .
Energy justice
The concept of 'energy justice' has been proposed in the field of energy studies and social science as one of the most comprehensive approaches to understand and address conflicting social and moral values arising from changes in energy systems [16, 17] . Energy justice addresses the "equitable access to energy, the fair distribution of costs and benefits, and the right to participate in choosing whether and how energy systems will change" [16, p. 143] . In this section, we first review existing applications and the three-dimensional energy justice framework and then discuss why the concept and framework might need to be broadened for smart grids.
A brief review on the development and applications of energy justice
Recent energy justice literature builds on a longstanding history of discussions on justice issues. Theoretical debates on justice have been going on since Aristotle. Philosophers (and economists) such as Adam Smith, Karl Marx, and John Rawls pursued questions what justice is and should be. A more contemporary debate on environmental justice emerged in the USA in the 1970s, centered around the unequal distribution of environmental burdens (e.g. pollution) between different locations and socio-economic groups (e.g. richer white and poorer colored neighborhoods) [39, 40] . The scope has grown over time to include both local and global issues, with increased interest in climate change induced injustices [41] . In the 2000s, the World and the Global Energy Assessment recognized the importance of equity in context with energy provision and sustainable development [42] [43] [44] . Both assessments focused on distribution inequalities in income, resource access, and energy use globally between developing and developed countries and locally (within countries or regions) between rural and urban areas. Renewable and other small-scale decentralized electricity generation as well as smart energy systems were suggested to alleviate poverty and increase equity [43, 44] .
Justice theories and principles, explicitly using the concept of energy justice, have recently been applied to energy policy [5, 41] , climate change and the transition to low-carbon energy systems [45] , energy supply [46] [47] [48] , energy communities [19, 49] , energy use [50] , pollution from fossil fuel combustion and nuclear waste [14, 17] , and energy poverty [51, 52] . Details are briefly reviewed in the next paragraph. 2 Targeting energy policy, Heffron et al. [5] developed a decisionmaking tool that relies on energy justice and expands the energy policy triad. Healy and Barry [45] argued that a focus on energy justice as guiding principle in the energy transition requires greater attention to fossil fuel divestment. With respect to energy supply, Heffron and McCauley [46] used the example of the wind energy sector in Denmark to demonstrate how the promotion of energy justice can enable growth along an entire supply chain. Investigating justice implications from energy communities, Johnson & Hall [49] argued for institutional changes to support equitable participation of civil society (e.g. new community business models and organizational structures). In context with energy use, Hall [50] analyzed how the energy justice field could benefit from literature on ethical consumption. Taebi and Kadak [14] considered intergenerational equity in the assessment of alternative fuel cycles for nuclear power. Finally, Bouzarovski and Simcock [51] synthesized the related fields of energy justice and energy poverty and highlighted the importance of spatial inequalities to understanding vulnerabilities.
Three dimensions of energy justice
Energy justice studies typically examine three intertwined dimensions of distributive justice, procedural justice, and justice as recognition [39] [40] [41] 46] . These three dimensions are drawn from environmental justice, and are largely based on (a) theoretical work, for example, by Rawls [37] , Young [53] , and Fraser [54] , and (b) empirical insights on how justice is conceptualized within environmentalist movements in the USA (cf. [39] ). 2 More detailed reviews of this emerging field can be found in Jenkins et al.
[ 55] and in Sovacool and Dworkin [18] .
Distributive justice is concerned with the distribution of benefits, burdens or costs, and responsibilities among stakeholders of an energy system [41] . Research has mostly focused on identifying and evaluating injustices, for example, in siting decisions of wind parks or unequal access to energy services [55] . Energy poverty has been defined as a form of injustice that is particularly faced by economically vulnerable consumer groups such as low-income families, the elderly, or the disabled [52] . Community energy systems are generally viewed as positive in sustainability and justice discourses. However, they face distribution issues because benefits are mainly attributed to a well-resourced and energy-engaged middle class in areas with healthy municipal finances [49] .
Procedural justice is concerned with equitable access to and participation in decision-making processes that govern the distribution of benefits and costs in energy systems [40] . A large part of research on procedural injustices outlines the role of citizens and consumers in decision-making processes (e.g. around infrastructure siting for transmission power lines or nuclear waste disposal sites). Conflicts are portrayed in the dichotomy of consumers/citizens on the one side and policy makers and industry on the other [16, 55] .
Justice as recognition is concerned with the equitable appreciation of stakeholder groups involved in energy systems [41] . Processes of disrespect that "devalue some people and place identities in comparison to others" [40, p. 615] are exemplified in the 'Not-In-My-Backyard' argument; the NIMBY-explanation has been used by project developers and energy companies to dismiss local protests against, for example, wind parks as rooted in selfishness and misinformation [41] . Such an explanation and attitude towards local resistance against energy projects fails to recognize legitimate concerns rooted, for example, in place attachment or aesthetic values [56] . Social science studies on siting issues and local opposition has shown that NIMBY is empirically false. Local resistance raises legitimate concerns, which might reveal underlying values [57, 58] . The NIMBY label has thus been criticized in academic literature as overly simplistic, outdated, and as disrespecting concerns voiced by local stakeholders [57] [58] [59] [60] .
Application to smart grid systems
Energy justice has up to now focused on energy supply and use, as outlined in Section 2.3.1. We advance this understanding of energy justice for smart grids, which signify an increased convergence of the energy and ICT sectors. As such, ethical challenges including repercussions for energy justice, which are connected to digital systems, become relevant for the energy system. It is worth noting that distributive justice is mentioned in some studies on the benefits and drawbacks of smart metering, smart home, and DSR. Tensions arise between consumers and energy companies, with consumers fearing to bear a disproportional share of the costs for smart metering [61] while also being burdened with the responsibility to save energy [62] . Injustices between different socio-demographic or socio-economic consumers are related to an increased reliance on ICT systems, which can discriminate against the elderly, disabled, or less IT savvy [9, 62] . Yet, there is a lack of theorizing about energy justice. Concerns about potentially unfair distribution of costs and benefits emerged from qualitative research, voiced by industry experts and consumers in focus groups or workshops, among a broad range of advantages and drawbacks of smart grid technologies. We aim to contribute by adding the theoretical lens of energy justice and by positioning justice aspects within a broad range of values, revealing instrumental and conflicting relationships.
Methodology
We conducted a qualitative content analysis to explore the values and value conflicts underlying the public debate on smart grids in the Netherlands and in the UK and to set these values in context with energy justice. Public debates reflect societal discourses on technological developments in the energy sector and are a rich source of relevant values and value conflicts [29, 31] . Qualitative content analysis, where text data is interpreted through a systematic process of coding to identify themes or patterns [63] , was chosen to gain an in-depth understanding of the debate by extracting value-laden statements from national newspaper articles. While the method is suitable for the aim of our study, we acknowledge that it is limited by its qualitative and descriptive nature such that our results cannot be generalized to wider contexts and that we rely on the reporting and availability of content in print media [63] . However, we do not strive to give a representative overview of public perceptions of smart grids. Our aim is to gain insight in the meaning and framing of values. Newspapers contain written representations of public debates and are thus useful for extracting valueladen statements [29] . In addition, the choice of using print media was motivated by the need to read all articles and by their relatively high accessibility.
The Netherlands and the United Kingdom were chosen because they share similarities in smart grid development but differ in certain aspects. This led us to expect differences in the values underlying the debates. The number of smart grid pilot projects and investment in these projects are above average in both countries. The majority of all projects from 1994 to 2016 started after 2007 (93% in both countries), with a peak of project starts in 2012 (26% in NL, 21% in the UK) [21] . The legislative development for smart metering started at similar times and relatively early, in 2006 (NL) and 2007 (UK) [64] . Consequently, there was enough time for a public debate to evolve, and at least smart metering systems are already in the implementation stage. However, there are differences in the technology and regulation, which are likely to impact the salience of different values. In the UK, smart meters are complemented with an in-home display, in the Netherlands they are not. In the UK, the metering market is competitive, energy suppliers are responsible for the implementation, own the devices, and also finance the rollout. In the Netherlands, the metering market is regulated, distribution system operators (DSOs) are responsible for the implementation and own the devices, and the rollout is financed via network tariffs.
Data collection
Newspaper articles for our analysis were retrieved from the databases LexisNexis (NL) and Factiva (UK). Our English and Dutch search terms included smart grid sub-systems and synonyms: 'smart grid', 'smart energy systems', 'microgrid', 'smart energy regulation/legislation', 'smart meter(ing)', 'smart home', 'home energy management systems', 'household storage', 'demand(-side) response', 'demand-side management', and 'smart charging'. The beginning of the main political debate and development of smart metering in 2006 (NL) and 2007 (UK) was taken as starting point for data collection, because smart metering is seen as a cornerstone of smart grids [2] . In both countries, search results were included up to 30 June 2017. Due to the large number of search results, we applied stratified sampling to include all newspapers in our sample and replicate the variating number of articles over time [63] . Articles were first screened for relevance and only included in the sample if they were indeed from a national newspaper, reported on smart grids, and contained content from the correct country.
Data analysis
The data analysis followed an iterative process of reading articles, extracting value-laden statements, and developing codes using the software ATLAS.ti [65] . The main coding was performed by the first author. The detailed coding and recording principles are provided in Appendix A. An initial code book of potentially relevant values and definitions was developed based on a literature review on smart grids and on values of ethical importance often mentioned in ethics of technology [66, 67] . Values were mentioned both explicitly (e.g. "Many people fear a violation of their privacy") and implicitly (e.g. "Cheaper?
Possibly for […] the energy companies. For tenants is it a setback.") [31] . Statements were reflected in front of the initial code book to identify implicit values. For example, the second statement was coded with distributive justice, because it pertains to the distribution of costs among stakeholder groups. Value-laden statements were coded with sentiments: positive (if in favor of, or reporting an advantage of smart grids), negative (if against smart grids, or reporting a disadvantage or a challenge), or neutral (neither pro nor contra position). Technological and institutional attributes were coded to demarcate why a value is relevant. We also assigned stakeholder groups, distinguishing between stakeholders that put forward a statement and stakeholders that were affected by the statement. Finally, we recorded information from the document context. This included the source publication, the publication date, and the main topic of the article. The initial code book was open for additions, changes in definitions, and changes in coding categories. The iterative coding procedure was performed until the code book was saturated, i.e. no new insights on values and value conceptualizations would be found by analyzing further articles [68] . To address the limitation that qualitative content analysis relies on interpretative work by researchers, an inter-coder agreement check was performed [63] . A second coder checked all the coding to enhance the validity of the results. Disagreements between coders were solved through discussion.
In addition to the coding procedure, we analyzed how values were intertwined through instrumental and conflicting relationships (see Section 2.2). This analysis allowed identifying relationships between energy justice and other values. Instrumental relationships were analyzed through co-occurrences (or overlaps) of positive conceptions. In this context, we did not discuss whether the values were instrumental per se (i.e. pursued as a means to contribute to another value) or intrinsic (i.e. pursued because it is valuable for its own sake). We acknowledge this difference, but were interested in the relation between values. Conflicting relationships were identified through an analysis of contradictory value conceptions.
Smart grid systems in the Netherlands
The Dutch development of smart grids in the past decade ( Fig. 1) is dominated by the rollout of smart metering. In anticipation of the EU Directive 2006/32/EC on energy efficiency, the Netherlands started to prepare for the smart metering rollout in 2006 [69, 70] . The legislative development from 2006 to 2011 was characterized by controversies between parliament, the senate, and the consumer representation body about the mandatory rollout and data privacy issues. The final design was a voluntary rollout and allows consumers to choose from several design options regarding data transfer to DSOs. A pilot rollout from 2012 to 2013 was positively reviewed [71] . The national rollout to private and small corporate consumers started in January 2015 [72, 73] . In parallel, smart grids have been implemented in the form of pilot projects. Until the end of 2015, the database for smart grid projects at the Joint Research Center of the European Commission registered 58 demonstration projects with a total investment of €166 million (EU average 32 projects with an investment of €108 million) [21] .
Our data collection resulted in a sample of 75 newspaper articles from January 2006 to June 2017 in ten national newspapers ( Table 1 ). The complete list of analyzed articles is included in Appendix B. There is no prevailing negative or positive sentiment towards smart grids in media articles: 48% of value-laden statements reflect a positive sentiment, 46% show a negative sentiment and 6% a neutral sentiment. More popular newspapers (such as De Telegraaf and Algemeen Dagblad) tend to take a more critical stance, stressing the disadvantages of smart grids.
The smart metering rollout is the focus topic of 36% of all analyzed newspaper articles. However, the variety of topics increases over time. While there is a clear focus on smart metering from 2007 to 2009, from 2010 onwards topics such as digitalization, energy transition, smart grid pilot projects, the role of EVs, and smart home applications received more media attention. Consistent with the dominance of the smart meter rollout, smart metering as a sub-system occurs in 68% of the articles. This is followed by discussions of smart grids in general (28%), DSR (12%), HEMS (8%), the integration of EVs in smart grids (8%), and household storage (1%).
Smart grid systems in the UK
In the UK, the Smart Grid Forum is the platform for industry and government to facilitate the deployment of smart grids. Fig. 2 presents an overview of the development in the past decade. The Smart Grid Forum's vision of the British Smart Grid outlines a road map consisting of the 'development phase', including the smart metering rollout, followed by the 'rollout phase' from 2030 to 2050 and the 'developed phase' after 2050 [74] . The development of smart grids between 2007 and 2017 focused on smart metering. Initial policy discussions started with the White Paper on Energy in 2007 [75] , driven by the EU Directive 2006/32/EC on energy efficiency and the Directive 2009/72/EC on common rules for the internal electricity market [70, 76, 77] . From 2007 to 2010, a large-scale trial found that smart metering with inhome displays could lead to average energy savings of 3% [78] . In 2008, the British government announced the 100% rollout of smart metering to all private and small corporate consumers until 2020 Fig. 1 . Smart grid development timeline in the Netherlands. These two newspapers merged in 2013 and are both free, low-quality newspapers. They were thus combined in our analysis. [76, 79] . Smart meters were combined with an in-home display and the energy suppliers were made responsible for providing and paying for smart metering [74] . In 2012, the rollout was changed to be voluntary [76] . Smart Energy GB was founded in 2013 as the main campaign body to increase consumer awareness and engagement [80] . The Data and Communications Company (DCC) was granted the license for the control of the communication system [81] . In parallel, smart grids have been mainly implemented in pilot projects. Until the end of 2015, the Joint Research Center of the European Commission registered 101 demonstration projects with a total investment of €628 million (EU average 32 projects with an investment of €108 million) [21] .
In the UK, we analyzed 71 articles from January 2007 to June 2017 in 17 national newspapers ( Table 2 ). The complete list of analyzed articles is included in Appendix B. On average, there is a slightly stronger representation of advantages as 58% of all value-laden statements reflect a positive sentiment, 38% show a negative sentiment, and 4% a neutral sentiment. Popular newspapers (such as The Sun and Daily Mirror) are predominantly positive about smart grids. Quality newspapers (such as The Times, The Telegraph, i, and Financial Times) tend to take a more critical stance, with exception of The Guardian.
The smart metering rollout is the focus of 46% of all newspaper articles and is the dominant topic in all analyzed years. Since 2010, 18% of all articles focused on energy savings. Other topics include national infrastructure investments, energy price increases and the risk of energy poverty, the energy transition, the increased dissemination of EVs, and complaints about problems with energy billing and energy providers' customer service. Smart metering, as a smart grid subsystem, occurs in 83% of all articles. This is followed by discussions about smart grids in general (7%), household storage (6%), HEMS (4%), and the integration of EVs in smart grids (4%).
Results and discussion
Values reflected in Dutch and British newspapers
The analysis of newspaper articles discussing smart grids in the Netherlands (75 articles) and the UK (71 articles) revealed that a broad range of values was reflected in statements that describe advantages and drawbacks of smart grids. Table 3 gives a detailed summary of the results, stating positive and negative conceptions of each value with example statements from newspaper articles as well as attributions to the sources of these statements. In the Netherlands, 18 values were mentioned in the debate, compared to 13 values in the UK (Table 3) . There is a substantial overlap between the countries with respect to which values were mentioned and which were most salient. In both countries, smart grids were perceived as positive due to their contribution to the energy policy triad, i.e. the values of economic development, environmental sustainability, and security of supply. Additionally, transparency and comfort were mentioned as advantages. Arguments that reflect challenges of smart grids revealed the importance of distributive and procedural justice. In addition, smart grids were considered controversial because of privacy and security risks, concerns that innovative ICT lacks reliability, and trust issues.
Despite a generally similar salience of values, a few differences became apparent between the two countries. Firstly, economic development dominated the British debate more than the Dutch debate, with almost 70% of all statements referring to monetary advantages or disadvantages of smart grids. On the positive side, energy savings for consumers, and more accurate billing were important drivers for smart metering in the UK. On the negative side, energy poverty and rising energy prices for consumers, as well as high infrastructure investments were more salient in the UK than in the Netherlands. Secondly, environmental sustainability was less salient in the UK than in the Netherlands. In Dutch newspaper articles, statements that focused on energy savings also mentioned sustainability benefits such as reduced greenhouse gas emissions. These benefits were presented to arise for consumers and the society in general. In the UK, statements on energy savings were mostly presented in connection with cost and benefits for consumers. When sustainability benefits were mentioned, they were related to the government's and industry's climate change goals. Thirdly, consumers' data privacy dominated the debate more in the Netherlands than in the UK. In fact, privacy issues related to the more frequent sharing of fine-grained consumer energy use data with external entities was the smart grid challenge mentioned most in the Netherlands. The special salience of privacy issues around smart metering occurred most probably because the legislative procedure was mainly delayed for reasons of privacy law violations. This is debated extensively in media articles.
In addition, the results reveal that the majority of the values salient in newspaper articles are used both in statements with a positive and a negative sentiment. This shows that values are contested concepts; there is general agreement on the importance of a value, but controversies are salient about different potential interpretations of a value. Such controversies can reveal value conflicts between different stakeholder groups. An example is the contribution of smart grids to economic development. In general, energy savings to decrease costs and emissions are considered as important, and smart grids are seen as contributing to both aspects by governmental organizations and energy companies. However, contestations occur for example on whether consumers' savings from smart metering would be big enough to outweigh that they have to cover the investment costs indirectly either through network tariffs (in NL) or because suppliers pass on the rollout costs (in the UK). Qualitative arguments on insufficient energy savings are typically brought forward by consumers and their representation bodies. In the Netherlands, the Environmental Assessment Agency (PBL) provided additional quantitative evaluations in their report on the smart metering rollout, which was conducted in 2016 after 25% of households had been equipped with smart meters. The evaluation showed that initially expected energy savings of 3.5% did not materialize, but that savings amounted to less than 1% of total energy use [82] .
Instrumental and conflicting relationships reveal the role of energy justice
Values underlying both pro and contra smart grid statements in the Dutch and British public debate are closely intertwined through instrumental and conflicting relationships. Instrumental relationships occur when a value positively contributes to another one. Conflicting relationships within and between values arise when values are contested, or when one value negatively contributes to another one. The analysis of instrumental and conflicting relationship allowed setting all values in context with energy justice. This revealed three main themes, which are discussed in the subsequent sections.
Smart grid systems contribute to a more equitable and democratic energy system
Many of the positive smart grid arguments used in media articles in both countries convey a contribution of smart grids to the energy policy triad. These perceived positive contributions of smart grids -predominantly put forward by governmental organizations and energy companies -are consistent with EU policy objectives that smart metering should enable consumers to save energy costs and contribute to emission reduction [70] .
Despite the centrality of the energy policy triad, our results show that perceived benefits of smart grids go beyond environmental, economic, and supply security aspects. These findings confirm that energy justice is an important and central concept for the development of smart grids. The debates highlight the enabling role of ICT for consumer and citizen participation and empowerment, which are perceived to enhance distributive and procedural justice.
Justice aspects are perceived as instrumentally (i.e. positively) influenced by the potential of smart grids to enhance control, transparency, and democracy. In both countries, control is positively related to procedural justice. The voluntary smart metering rollouts are viewed as enhancing self-control and codetermination by consumers. This is perceived as a more equitable access to smart metering than a system which prescribes a forced rollout to all consumers. Benefits from a voluntary rollout are more salient in the Netherlands, possibly because the initial institutional design prescribing a mandatory rollout was one of the major reasons for delays in the legislative procedure [12] . Changing the proposal to a voluntary rollout is reflected in positive media statements and perceived as fair.
In addition, both procedural and distributive justice are perceived as positively influenced by transparency. The combination of smart metering and DSR and variable tariffs allows consumers to have access to wholesale prices on the power exchange, as demonstrated by a Dutch pilot project. This is seen as a more equitable market access, where consumers have a greater role in determining the price they pay for their electricity than in the conventional electricity system where consumers play a passive role. Secondly, the timely visualization of energy use through smart metering is seen as advantageous particularly for less affluent consumers, because they are supported in planning their household budget instead of having to pay surprise catch-up bills at the end of the year. Transparency thus contributes to distributive justice.
In the Netherlands, smart grids are seen as symptomatic for a change to a more democratic energy system, because they facilitate small-scale electricity generation and the shift of consumer roles towards active 'energy citizens'. In the UK, the possibility of smart grids to facilitate the combination of small-scale generation and storage facilities is seen as a positive contribution to autarky, which is conceptualized in the debate as temporal self-sufficiency of energy prosumers. The change to an energy systems that gives 'power to the people' is portrayed as more democratic and more equitable than the conventional electricity system, because a larger share of stakeholders can influence market processes.
Contestation on economic and environmental aspects conveys issues around energy justice
Despite a dominance of positive conceptions of economic development and environmental sustainability, our analysis shows that both are contested values. The debate is not about their importance, but about how they are conceived by stakeholder groups and what would be needed to realize both aspects. Contestation around monetary and environmental consequences of smart grids is related to distributive and procedural justice.
The most prominent contestation pertains to discussions whether smart grids in general and smart metering in particular indeed contribute to the expected energy savings for consumers. The debate reflects conflicts between governmental organizations and energy companies on the one hand, and consumers and consumer representation organizations on the other hand. As mentioned before, consumers and consumer representation organizations are typically critical. Favorable smart metering arguments by governmental organizations and energy companies convey the assumption that increased visualization of energy use leads consumers to save energy. This relationship between transparency and economic/environmental benefits is often depicted as a causal relationship in pro-smart grid arguments. However, even if smart meters are installed and combined with in-home displays, consumers themselves still have to achieve energy savings by changing the way they use energy-related services. In criticizing this assumption as overly simplistic, the public debate is consistent with academic insights from behavioral economics on the relationship between energy use feedback and savings. Whereas the assumption that more feedback leads to more energy savings is based on traditional rational choice models, behavioral economists point out that factors influencing energy savings are more complex, depend on the framing of feedback, and highlight challenges in inducing energy savings that are persistent over time [13, 83, 84] . Recent research has shown for example that the effect of energy use feedback on savings might be stronger if the information is framed as loss aversion [13] .
Beyond such insights from literature, and important for the purpose of this study, are our findings how the discussion on the ability of smart grids to enable consumer energy savings is related to distributive and procedural injustices. Distributive justice concerns are reflected in arguments that criticize the distribution of monetary benefits between consumers and energy companies. As mentioned, the debates show that consumers might benefit less than energy companies and that consumers' potential monetary benefit through energy savings is not automatically achieved via the smart metering technology: energy savings have to be realized by consumer behavior. It is considered as unfair that consumers might benefit less than energy companies, particularly because communications by governmental organizations and energy companies highlight monetary benefits for consumers. In the Netherlands, additionally, it is seen as unfair that consumers are burdened with the responsibility to save energy and shift demand according to supply. Consumers see the energy companies as responsible for managing supply volatilities. The only way energy savings can be realized in this context without behavioral changes is via automated DSR and smart appliances, which is seen as a positive future benefit of DSR in the debates.
The mechanisms to pass on costs for smart metering investments to consumers is also perceived as distributive injustice and increases the contested nature of arguments that consumers profit from smart metering with reduced energy costs. In the Netherlands, the smart metering rollout is financed via network tariffs. In the UK, investments are supposed to be covered by energy suppliers, who pass on these costs to consumers by raising energy prices. Perceptions of injustice are further increased in the UK because smart metering technology is seen as unreliable. On the one hand, the existing technology does not function reliably in all circumstances because of its use of wireless data transfer; for example, in high-rise buildings or buildings with a large distance between meter and in-home display. On the other hand, there are concerns that the devices will be out of date by the time the smart metering rollout is complete. As a result, reliability issues increase the negative relationship between economic development and distributive justice.
Distributive justice issues are not only perceived in the distribution of costs between consumers and energy companies, but also among groups of consumers. A potential risk of smart grids is their focus on novel technologies, which are perceived as complex and requiring specific knowledge. They rely on the internet and are thus often exclusive towards societal groups such as the elderly, disabled, or less well-off people -groups who are in general economically more vulnerable than others. Concerns about systematically excluding certain customer segments from smart grids are also related to DSR. Given that not all consumers have the same possibility to shift their demand, the risk that certain consumer segments are systematically excluded from DSR programs or would be left worse off financially by DSR programs causes concerns about distributive justice.
In addition to distributive aspects, procedural justice concerns are reflected in the debate about procedures for the selection of participants for smart grid pilot projects. These are criticized as biased both in the Netherlands and in the UK. Participation is usually voluntary and targeted at first-mover customers, who are generally interested in energy savings. Equitable access to projects is therefore not guaranteed and results with respect to energy saving potential are not representative of the entire population. Due to this selection bias, projections for countrywide energy savings from such projects would be invalid.
Besides the main contestation on energy savings for consumers, the public debate in the Netherlands reflects three additional concerns about energy justice. Firstly, contestation on monetary aspects and distributive justice in the Netherlands is centered around the role of DSOs in smart grid investments and reflects a conflict between regulatory authorities and DSOs. Although DSOs perceive themselves as the logical leaders in the smart grid development -after all the consequences of intermittent and decentral renewables are the strongest on distribution grid level -this lead position is criticized by the regulatory authority ACM, policy makers, and by energy suppliers. This is because smart grid investments other than smart metering are seen as commercial side-activities and beyond the core tasks of DSOs, and are therefore perceived to be inexpedient spending of public money. The ACM is also worried that such commercial side-activities could endanger the core task of DSOs, namely to guarantee a secure energy supply.
Secondly, the Dutch debate reflects concerns about procedural justice with respect to the market access under the current institutional design of the electricity market. Although the technological possibilities of smart grids and DSR to grant prosumers and consumers access to power markets are generally seen as positive, these market access possibilities are perceived as being restricted by outdated energy legislation and regulation. Prosumers are not granted the same rights as energy suppliers. This is perceived as unfair, as a growing importance of prosumers should go hand in hand with increased market access rights.
Thirdly, smart grids are argued to be challenging for municipalities' autonomy in the Netherlands, because they contribute to an unfair distribution of knowledge. This is related to the value of cooperation, which is defined as increased collaboration between stakeholders [67] . Cooperation becomes salient as a value, because smart grids cause actor roles in the energy industry to change and sectors to converge. Although increased public private collaboration is often seen as positive and necessary for the successful implementation of smart grids, challenges for knowledge distribution between private companies and municipalities are under debate. Particularly, the greater reliance on novel technologies in smart grids, which require more special knowledge, leads to perceptions that knowledge concentrated at private corporations is seen as source of power over municipalities.
Conflicts show a central role of trust, privacy and security
In addition, a range of conflicts are salient in the debate which would typically not be covered by the existing energy justice framework. These conflicts are clustered around trust, privacy, and security issues. Trust is seen as a central precondition for a successful smart grid implementation. Trust issues are mentioned mainly in two ways: trust among stakeholders and trust in the operation of devices and networks. In both countries, mistrust among stakeholders refers to consumers' mistrust in energy suppliers. In the UK, any attempts by energy suppliers to incentivize consumers to save or use variable tariffs are claimed to raise consumer suspicion of disguised price rises. In the Netherlands, consumer mistrust originates partly from perceptions that messages about energy savings by energy suppliers seem inconsistent with their business model of selling electricity. In addition, a perceived lack of transparency connected to the required bi-monthly energy consumption information in the Netherlands contributes to consumers' mistrust, as it has been reported that not a single supplier distributes the consumption information according to the rules set out by legislation and the regulator. This conception of mistrust is largely consistent with existing academic literature on the importance of trust for smart metering. Mistrust is often found to stem from consumer perceptions that energy companies are not open about their own financial benefits from smart metering and might not pass any savings on to their customers [8] [9] [10] .
Our findings show a more complex role of (mis)trust between consumers and energy companies than acknowledged so far in this literature. In the UK, the use of ICT in smart grids is also seen as potentially contributing to increased consumer trust, as ICT applications allow for a greater transparency of monetary flows and more reliable billing. The importance of reliable energy bills is prominent in the UK, potentially because many UK meters date back to the nineteenth century, and consumers need to be present when meter readings are taken. This leads to a reliance on estimated bills, which are often inaccurate, and consumer dissatisfaction [85] . In addition, our analysis shows mistrust between industry players. This arises mostly from changing actor roles and an increased cross-sector cooperation, for example in pilot projects by the triple and quadruple helix ("government, industry, research organizations, and citizens (Het Financieele Dagblad, 15 Dec 2015)", [86] ) or between established energy suppliers and new service providers. Stakeholder relationships are new and cooperation still has to stand the test of time. The second aspect of trust is related to mistrust by consumers in the operations of devices and networks, including the protection of personal data. This is salient in the Netherlands and can be traced back to cyber security risks and concerns that smart meters do not show correct and reliable meter readings, which is related to the values of transparency and reliability. Potential risks on cyber security as well as incorrect and unreliable meter readings fuel mistrust in smart metering devices and networks.
Privacy and security issues result from an increased application of ICT and are the most prevalent challenges to smart grids covered in Dutch newspaper articles. The finding that both values are relevant is in line with existing research, which reports on these risks particularly in context with smart metering [87] [88] [89] [90] [91] . Privacy in the public debates is seen in the dichotomy between the household -the 'inner' -and the external world. Challenges to household privacy arise from smart metering, where a frequent transmission of fine-grained consumer data can reveal more information about household behavior than conventional electricity meters. Consumer privacy might be violated if this information allows insight into behavioral patterns such as identifying types and usage times of household appliances [90] , and if such data is sold for commercial purposes [10] . Concerns about data privacy by the Dutch senate and the consumer representation body were one of the major reasons for the delay in the Dutch smart metering rollout [12] . Additionally, automated data transmission from smart meters is seen as critical due to data access challenges. Statements reflect a conflict between policy makers and consumers (who would be interested in an open access regime) and commercial entities (who would profit more from a closed data ownership by them). In the UK, data privacy issues are not particularly salient in the debate. When mentioned, statements show that consumers are not worried about sharing data, because they are in control of any data and trust energy suppliers with their information. Such statements are put forward by industry organizations (specifically Smart Energy GB), while the consumer representation body is not cited as stressing data privacy issues.
Cyber security problems are related to the risk of harmful use of data and networks, and conceived in two ways in both countries. Firstly, consumer data security is perceived to be at risk through smart metering, consistent with related academic publications. Cyber security concerns are often found to arise from the risk of cyberattacks and statements stress the importance of protecting and encrypting data adequately as well as collecting data proportionally to the purpose of the system (i.e. collecting only data that is required for the system to function) [1, 89, 92] . Secondly, the operational security of power networks is perceived to be endangered due to an increased dependence on ICT, with emphasis on the consequences for supply security and for the economy. Threats to power networks from hacking by terrorists are mentioned as well. Although both aspects of cyber security are salient in the UK, they are much less prominent than in the Netherlands.
While the insight that privacy and security are relevant values for smart grids is consistent with existing literature, our findings go beyond this and give indications how these values are related to energy justice. Especially the increased importance of sharing and storing more finegrained data on energy use underlines that the distribution of property and access rights to these data among users, public, and private stakeholders is an important aspect of distributive justice. Distributive justice for smart grids is not only about the distribution of monetary benefits and costs, but also about the distribution of rights to access, withdraw, manage, alienate, and exclude others from using data and information about energy consumers.
Conclusion
In this paper, we broaden conceptualizations of energy justice for smart grids by developing a deeper understanding of the social and moral values underlying the Dutch and British public debate on these systems. Our results show that values are reflected in newspaper articles both as advantages and challenges of smart grids. Advantages include the systems' contribution to the energy policy triad, i.e. the values of economic development, environmental sustainability, and security of supply. Beyond these, smart grids are considered as advantageous for distributive and procedural justice, confirming the important role of energy justice for these systems. However, value conflicts also reveal distributive and procedural injustices, particularly when the potential of economic and environmental benefits is criticized. In addition, smart grids are considered as controversial because innovative information and communication technology increases privacy and security risks, and concerns of lacking reliability. Comparing the debate in the Netherlands and the United Kingdom, we find similar reflection and salience of values. One of the main differences is that privacy and environmental sustainability are more salient values in the Netherlands. In turn, economic development, particularly energy poverty and billing accuracy for consumers, is more salient in the United Kingdom.
By exploring the public debates on smart grids, we contribute to existing research on energy justice. Our analysis reveals that distributive and procedural justice aspects are perceived to be at the core of many benefits and drawbacks of smart grids. On the one hand, smart grids support a more equitable market access for consumers, by facilitating access to small-scale generation. On the other hand, contestations within the energy triad -i.e. concerns whether smart grids will indeed contribute to more sustainable, cost-efficient, and secure electricity supply -are related to energy justice issues from the perspective of consumers. Challenges evolve particularly around an inequitable distribution of benefits and costs. Smart grids have the potential to contribute to a more equitable access to electricity systems. However, this access might be restricted to more affluent parts of a population and reinforce monetary injustices faced by economically vulnerable citizens.
We also broaden the current focus of energy justice research on energy supply and use by concentrating on the convergence between the energy and the ICT sector. Our findings suggest that energy justice research should be extended by accounting for a broader range of (information technology related) values. Transparency, control, privacy, and security are the values which can be traced back solely to the collection, automatic transfer, and central storage of energy use data as well as the visualization of real-time information on energy use. The conceptualization of distributive justice should therefore include the property and access rights to these data and information. In addition, procedural justice aspects pertain to concerns that algorithms could imply selection biases. Reliability of existing and future technology is a concern due to the rapid technological development and relatively short product life cycles in the information technology sector. In fact, smart grids represent a clash between two fundamentally different industries: The electricity sector, which is focused on long-term thinking, stability, and little experimentation on a whole system level, and the information technology sector, where innovation and rapid technological change is key to success.
In addition, our analysis shows that values are related through instrumental and conflicting relationships. These occur because smart grids are complex socio-technical systems, where technologies, institutions, and social actors are closely intertwined. We provide a detailed overview of these relationships. For researchers interested in analyzing the complexity of energy systems at the intersection of technology, institutions, and actor behavior, our extended framework of energy justice can serve as input for complexity science models (cf. [25] ).
The findings are also valuable for policy makers and smart grid designers. We provide them with a detailed list of value-laden aspects of smart grids that cause societal concerns and might reinforce injustices in the energy system. They can be a barrier to the wider adoption of smart grid systems. These values provide both policy makers and smart grid designers with criteria for design requirements of institutions and technologies in smart grids. On the one hand, our findings confirm that a focus on the three core energy policy objectives of environmental sustainability, economic development, and security of supply is insufficient to cover the broad range of value-laden benefits and drawbacks of smart grids. Since smart grids are part of energy systems that are deeply entrenched in the every-day normality of modern societies, changing energy systems is not just a matter of energy policy, but has wider social and moral implications for general well-being in a society. On the other hand, our insight that values are intertwined through instrumental and conflicting relationship clarifies the significance of considering a set of values as design requirements. Our findings show that the majority of values are contested, with different conceptions depending on the detailed technological and institutional context as well as societal groups. Relating values to technological and institutional attributes as well as to stakeholder groups is needed to understand the roots of value conflicts. This confirms the importance of considering differences in value conceptions in debates, decisionmaking processes, and system design.
Our findings provide a conceptualization of energy justice for the case of smart grids and indications what values should be considered in the development of institutional and technological design requirements. They are limited, however, in specifying in detail how relatively abstract value aspects such as a more equitable distribution of property rights on energy data should be translated into specific design requirements. Further research is needed to make this specification. Such research could build on the field of Value Sensitive Design (cf. [93] ), where scholars have started to outline a dual approach of translating values first into more prescriptive statements (norms) and then into design requirements that can be directly implemented in (information) technologies.
Coding and recording principles clarify the process of interpreting themes and patterns from the articles. They are made explicit to increase the reproducibility of results and listed below.
-An initial code book containing potentially relevant values and their definitions is established through a literature review on smart grids and values of ethical importance often mentioned in ethics of technology. -The 'sensitizing concepts' principle is used during coding. This means that the initial code book is open for new additions, changes in definitions, and changes in coding categories (e.g. splitting one value into two). -Statements in an article are reflected in front of the code book to identify which value is implied in the statement.
-A recorded statement needs to be at least one full sentence. Outside readers need to be able to understand the statement when reading it independently from the main article. -Statements that reflect values are coded as positive, negative, or neutral depending whether they are used in favor of, against, or neutral to the smart grid development. -Stakeholders are assigned in two ways: The group/organization to which the statement is attributed, or which puts forward an argument is the 'sender'. The group/organization which is affected by the statement is the 'receiver'. The two stakeholder classifications can be the same for one statement. If the statement does not cite a group/organization, the 'sender' stakeholder is left empty. If the article puts forward a value-laden statement or advice from the journalist/newspaper perspective without a clear source attribution, the newspaper is the 'sender' stakeholder. -Statements have to be explicitly in context with smart energy systems or their components. Statements which contain values but refer to main tasks of market actors, general energy supply, or the energy transition in general, are excluded. Electricity generation from conventional sources and renewables is excluded if not mentioned explicitly in relation with smart energy systems. -With each statement, the mentioned technological and/or institutional functionality is recorded to demarcate the reason why a value is relevant. -Statements about smart homes need to be in relation with electricity use/savings/management/generation/etc. to be included. Smart home statements about health care, entertainment, and life style are excluded. -Documents are coded according to the 'saturation principle': The coding procedure stops when statements become repetitive and accordingly the coding scheme is not adapted any longer. At a perceived saturation point, several further articles are coded with the (saturated) coding scheme to confirm saturation. -To enhance the validity of the results, an inter-coder agreement check is performed. An additional person codes the statements. Discrepancies are solved through discussion and consensus.
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